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Withdrawal Location with Progressive Tax Rates
Stephen M. Horan, CFA s a growing percentage of the population enters retirement, increasing numbers of investors are facing critical decisions about withdrawing funds from taxadvantaged savings accounts, sometimes referred to as tax-deferred savings accounts (TDAs). Moreover, as defined-contribution plans become increasingly popular, retirees and those planning for retirement are forced to make decisions that past generations did not have to make. The introduction of various tax-advantaged savings accounts [e.g., Roth IRAs, Section 529 plans, and Roth 401(k) plans] complicates matters and increases the decisions retirees face.
Fortunately, researchers have recognized these trends and developed models to help guide financial planners and investors. Most advances thus far, however, have focused on tax-efficient investment decisions. That is, research has examined the optimal choice among various TDAs (e.g., those with front-end tax benefits versus those with back-end tax benefits), Roth IRA conversion decisions, and early-withdrawal penalties. 1 In TaxAdvantaged Savings Accounts and Tax-Efficient Wealth Accumulation (Horan 2005b) , my intention was to provide a review and synthesis of the literature on tax-efficient investing and extend or advance previous technologies in a cohesive theoretical framework.
Tax-efficient withdrawal, the focus of this article, has attracted less attention. Retirees with multiple types of tax-advantaged accounts from which to withdraw, however, would benefit from guidance regarding optimal withdrawal policies. For example, should traditional IRA or Roth IRA balances be drawn down first? Should a retiree use some combination of withdrawals from both accounts?
The term "withdrawal location" derives from the literature on asset location, which analyzes the types of accounts (taxable or tax advantaged) in which investors should hold bonds and equity. 2 In the 1980s, Black (1980) and Tepper (1981) proffered an arbitrage argument for corporate pension funds that can be extended to individual investors to suggest that they should place highly taxed assets, such as bonds, in tax-sheltered accounts and place tax-preferenced securities, such as equity, in taxable accounts. To the extent that bonds are undesirable to the investor from an asset allocation perspective, he or she should offset lending in the tax-sheltered account with borrowing in the taxable account. Other authors have extended this basic premise to consider such factors as borrowing constraints, the use of municipal bonds, trading behavior, and liquidity constraints. 3 Several authors have investigated the sustainability of retirement withdrawals, but few have focused on tax-efficient withdrawal policies. 4 An exception is work by Ragsdale, Seila, and Little (1993, 1994) , who approached the issue from the perspective of tax codes. They developed a mathematical programming model that incorporated a myriad of then-prevailing tax regulations governing retirement distributions, including earlywithdrawal penalties, minimum distribution taxes, excess distribution taxes, and estate taxes. Since the publication of their work, the Taxpayer Relief Act of 1997 (TRA) has repealed excess distribution taxes and introduced the Roth IRA, changing the calculus and balance of considerations. Also, in an unpublished manuscript (Horan 2005a) , I showed heuristically that if tax rates vary over time, retirees with multiple types of TDAs can benefit from taking traditional IRA distributions when tax rates are low and taking Roth IRA distributions when tax rates are high. I developed that work in a deterministic framework, however, that lacks the insights that Monte Carlo analysis would provide.
In this article, in contrast to those works, I develop a model that focuses on the salient features of a tax code with multiple marginal tax rates and abstracts from the code's seemingly infinite loopholes and minutiae. Specifically, the model recognizes that withdrawals from some types of accounts are taxed as ordinary income and withdrawals from other accounts are not taxed. Therefore, the ability to choose the type of account from which to make withdrawals is valuable and the model is designed to highlight opportunities for tax-efficient withdrawal locations created by a progressive tax rate system.
The analysis considers a progressive tax rate structure characterized by exemptions and deductions. This approach is meaningful for investors for whom retirement account withdrawals represent the totality of taxable income. In that case, withdrawals are subject to a series of progressively higher tax rates. This study also has implications for the literature addressing after-tax valuation of assets held in TDAs. 5 Although the models vary in their degree of sophistication, none recognizes that a portion of traditional IRA distributions may be tax exempt or subject to a series of marginal tax rates. Therefore, this study may help advance our understanding of after-tax valuation of TDAs.
The Model
The withdrawal model is designed for the presence of a progressive tax rate scheme with six tax brackets that allow exemptions and deductions. Withdrawals from a tax-advantaged account with front end-loaded tax benefits, such as a traditional IRA, are taxed as ordinary income. In contrast, withdrawals from tax-advantaged accounts, such as a Roth IRA, are not taxed. 6 It applies to investors who have little to no exogenous taxable income that might otherwise deplete the exemptions, deductions, or tax brackets with modest ratesthat is, in cases where retirement withdrawals represent the totality of taxable income. 7 And the model is designed to analyze the impact of various withdrawal algorithms on residual accumulations and withdrawal sustainability. Consider a retiree with balances in both a traditional IRA and a Roth IRA, the pretax balance in each account at any time t is represented by, respectively, V Trad,t and V Roth,t . The portfolios are similarly invested to generate a pretax expected return, r, over some withdrawal horizon, n. The retiree intends to make after-tax withdrawals initially equal to w percent of the combined pretax value of the two accounts at the beginning of the year. The retiree increases this initial after-tax withdrawal annually by g to maintain purchasing power. Therefore, represents the retiree's after-tax withdrawal requirement for period t.
The retiree can implement one of eight withdrawal strategies: two naive strategies and six informed strategies. The first naive strategy satisfies the retiree's after-tax withdrawal requirement by making withdrawals from the traditional IRA each year until its balance is depleted, at which time, withdrawals from the Roth IRA commence. The second naive strategy reverses this sequence by satisfying the retiree's after-tax withdrawal requirement from the Roth IRA until its balance is depleted and then from the traditional IRA.
The six informed distribution strategies withdraw from the traditional IRA balance, if available, either up to the exemption and deduction limit or up to a specified tax bracket. The available exemptions and deductions and the level of tax brackets grow by the rate of inflation, π, over time.
8 Any additional funds required to satisfy the after-tax withdrawal requirement are distributed from the Roth IRA. For example, consider a retiree with a $50,000 after-tax withdrawal requirement and with exemptions and deductions totaling $16,400. In the tax regime, taxable income up to $14,600 is taxed at 10 percent. Based on the first of the informed withdrawal strategies, the retiree would take $16,400 from the traditional IRA and the remaining $33,600 from the Roth IRA, in which case the investor would pay no tax on distributions. In the second informed withdrawal strategy, the retiree would take $31,000 from the traditional IRA. Of this amount, $16,400 would escape taxation and $14,600 would be taxed modestly at 10 percent, generating a total after-tax distribution of $29,540. The remaining $20,460 aftertax required distribution would be withdrawn from the Roth IRA. The remaining informed withdrawal strategies would be similarly constructed except that each withdrawal from the traditional IRA would increase taxable distributions to the next tax bracket. Appendix A contains mathematical algorithms for these withdrawal strategies. 
Residual Accumulations and Withdrawal Sustainability
Scenario analysis can help decipher the effects of withdrawal strategies on residual accumulations and withdrawal sustainability. The base case is a retiree with $1,000,000 in pretax funds in a traditional IRA and $666,667 in a Roth IRA. These balances are comparable on a taxable-equivalent basis because distributions from these two accounts are taxed differently. 9 The base case also assumes that a retiree has a 6 percent after-tax withdrawal requirement, so the initial after-tax distribution is $100,000 [that is, 0.06 × ($1,000,000 + $666,667)], and this distribution grows by 3 percent annually (i.e., g = 3 percent) over a 25-year withdrawal horizon.
10
For a meaningful comparison of residual accumulations of traditional and Roth IRAs at the end of this time period, I compare them on a taxableequivalent basis, similar to the view of the initial balances. 11 For example, the "traditional, then Roth" withdrawal strategy might leave $80,000 remaining in the Roth IRA at the end of 25 years. At an 8 percent return, this sum would produce annual after-tax withdrawals of $11,922 for 10 years. The residual accumulation would then be converted to a "taxable equivalent"-that is, a sum held in a taxable account that would produce the same after-tax 10-year annuity produced by the Roth IRA. I apply a similar procedure, assuming a 28 percent tax rate on distributions, to residual balances in the traditional IRA. 12 In any case, the reported results are insensitive to these conditions. The analysis begins with the personal exemptions, standard deduction, and tax brackets for a married couple filing jointly in 2005, as displayed in Table 1 . Of course, individual circumstances vary, but the analysis can be modified accordingly. 13 The levels of the exemptions and tax brackets generally increase over time by the rate of inflation. The base case assumes that these values increase at the 2.5 percent inflation rate. A pretax return of 8 percent is also assumed.
Panel A of Table 2 displays residual accumulations 25 years hence and withdrawal sustainability under various after-tax withdrawal rates for each of the six strategies: the two naive strategies (withdrawing from either the traditional IRA or Roth IRA until the balance is depleted, then withdrawing from the other) and the six informed strategies (taking distributions from the traditional IRA up to the available exemptions and deductions or up to the top of a specified tax bracket and satisfying the remainder of the withdrawal requirement from the Roth IRA). According to Panel A, withdrawing from the traditional IRA until funds are exhausted before withdrawing from the Roth IRA (Naive 1) is the better of the two naive strategies. Taking initial distributions from the traditional IRA rather than the Roth IRA is preferable because a portion of the distribution is applied to exemptions and deductions and a portion is taxed very lightly-at 10 percent or 15 percent. In fact, distributions up to $75,800 are taxed at 15 percent or less. This modest tax burden decreases the pretax distribution required to generate the after-tax withdrawal requirement, leaving more after-tax assets in taxsheltered accounts. Panel B shows that incremental residual accumulations from Naive 1 over Naive 2 range from about $150,000 to about $900,000.
The traditional, then Roth IRA strategy (Naive 1) performs far better than the reverse strategy because Naive 2 wastes chances in early retirement years to take traditional IRA distributions that are shielded from tax. Although the Naive 2 strategy avoids taxes in the initial years of retirement, it misses opportunities to convert pretax funds in traditional IRAs to after-tax funds at "low" rates (as the reader will see, "low" is a relative term). Note that neither of the naive withdrawal strategies sustains withdrawal rates greater than 6 percent for the 25-year horizon.
The performance of the informed strategies in comparison with Naive 1 is presented in Panel B of Table 2 . The informed withdrawal strategies take distributions from the traditional IRA equal to the allowable exemptions and deductions or up to the top of a specific tax bracket. The remainder of the withdrawal requirement is satisfied from the Roth IRA. According to Panel B, only one informed strategy performs substantially better than Naive 1. Taking distributions from the traditional IRA www.cfapubs.org ©2006, CFA Institute through the 15 percent tax bracket with any additional withdrawal requirement met from Roth IRA distributions is optimal. This strategy can produce residual accumulations almost $400,000, or more than 40 percent, greater than Naive 1. And the difference tends to increase, although not monotonically, with the withdrawal rate. At high withdrawal rates, the optimal withdrawal strategy produces an extra year or two of sustainability. Making traditional IRA withdrawals through the 25 percent or higher tax brackets produces identical results to the Naive 1 strategy because it yields identical withdrawal patterns; that is, distributions are taken from the traditional IRA until funds are depleted. As the reader will see, the optimal withdrawal strategy for wealthier investors is to make withdrawals through higher tax brackets.
Note that, despite the assumption of stable returns, no informed strategy can sustain growing withdrawals greater than 6.5 percent of the initial pretax values beyond 25 years. Part of the reason is that the base case assumes that the nominal value of the withdrawal is growing at a higher rate than the value of the tax brackets. Furthermore, sustainable withdrawal rates in a dynamic environment in which returns are a random variable that varies from one year to the next are usually lower than they are in a stable, deterministic environment (see Milevsky and Robinson 2005) .
Among the sources of uncertainty in this analysis is the long-term rate of inflation. Therefore, it is useful to know whether inflation rates, which drive the nominal growth in tax brackets, affect the relative value of the various withdrawal strategies. Table 3 presents outcomes of the strategies for various long-term inflation rates and tells a consistent story. Table 3 assumes the base-case withdrawal rate of 6 percent and assumes that this withdrawal grows at a nominal rate of 3 percent regardless of the rate of inflation. Although withdrawing from the traditional IRA first (Naive 1) is the better naive strategy, making withdrawals through the 15 percent tax bracket produces the best outcomes, regardless of the inflation rate. Other informed strategies also perform better than Naive 1 in some situations. Specifically, at low inflation rates, making withdrawals through the top of the 25 percent tax bracket performs better than Naive 1. Making withdrawals through the 15 percent tax bracket, however, is still optimal. At high inflation rates, making withdrawals through the 10 percent bracket performs better than Naive 1. Again, differences approach $400,000. Panel A of Table 4 displays the incremental outcomes of the best informed strategy (making withdrawals from the traditional IRA through the 15 percent tax bracket) over Naive 1 for various withdrawal tax rates and pretax returns. The advantage of the informed strategy generally increases with the pretax return and the withdrawal rate. Specifically, the incremental value of the informed strategy is greatest for high returns and high withdrawal rates, with incremental accumulations exceeding $500,000 in many cases. This result indicates that following an informed strategy is particularly important for retirees with aggressive investment and withdrawal strategies. Panel B indicates that the outperformance of the best informed strategy over the worst naive strategy, Naive 2, is enormous-with incremental residual accumulations of approximately $2 million in some cases.
Consider now an investor who is twice as wealthy as the one in this base case; that is, this higher-net-worth (HNW) investor has $2 million in a traditional IRA and $1.33 million in a Roth IRA. For this investor, Panel A of Table 5 shows that the optimal strategy is to take taxable withdrawals from the traditional IRA through the 25 percent tax bracket-an informed strategy that more than doubles the residual accumulation of either naive strategy. Panel B indicates that the incremental accumulations can be almost $800,000 more than those of Naive 1. As previously, informed withdrawal-location strategies can add an additional year or two to withdrawal sustainability. Panel C examines for the HNW investor the incremental accumulation for various pretax rates of return. At high rates of return and aggressive withdrawal rates, incremental residual accumulation over Naive 1 approaches $1.5 million. Comparing these results with those in Table 4 shows that these differences can be two to three times as large as the differences for the more moderately endowed investor. In unreported results, I found that incremental residual accumulations can exceed $2 million. Table 6 displays incremental accumulations for an investor endowed with $3 million of traditional IRA assets and $2 million of Roth IRA assets (a HNW+ investor). Panel A indicates that the optimal strategy for this investor is to take taxable distributions from the traditional IRA up through the top of the 28 percent tax bracket, in which case residual accumulations can be about $1.2 million greater than Naive 1 provides. Alternatively, the investor can sustain withdrawals for an additional year or two. At higher rates of withdrawal and pretax return, the investor's residual accumulations may be more than $2 million greater than Naive 1 provides (see Panel B). www.cfapubs.org
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In unreported results, I found that taking taxable distributions from the traditional IRA up to the top of the 28 percent tax bracket is also optimal for investors with $4 million in traditional IRA assets. For investors with a $6 million balance in a traditional IRA, this informed strategy remains optimal in many situations, but taking taxable distributions from the traditional IRA up through the top of the 33 percent tax bracket may be preferable for higher withdrawal rates. Part of the reason that taking taxable distributions from the traditional IRA up through the 28 percent tax bracket remains optimal in many situations is that the increment to the next tax bracket represents 5 percentage points (33 percent minus 28 percent) rather than 3 percentage points (28 percent minus 25 percent).
Conclusion
This study investigated the effects of various withdrawal patterns on residual accumulations and withdrawal sustainability for retirees having two types of tax-advantaged savings accounts from which to make withdrawals in a progressive tax rate regime. Because distributions from traditional IRAs are taxable and those from Roth IRAs are not, making withdrawals from traditional IRAs is advantageous when the tax burden is light and making withdrawals from Roth IRAs is advantageous when the tax burden would otherwise be heavy. When taxable distributions can be applied against personal exemptions and deductions or against tax brackets with relatively low tax rates, a naive strategy of withdrawing from the traditional IRA first was found to perform substantially better than the naive strategy of withdrawing from the Roth IRA first. However, an informed strategy of taking traditional IRA distributions up to the top of a "low" tax bracket and satisfying the remainder of the withdrawal requirement from the Roth IRA yields residual accumulations that are substantially greater than the better naive strategy.
Of course, minimum distribution requirements from traditional IRAs dictate to some extent required withdrawals from traditional IRAs after age 70 1/2. To the extent retirees have discretion over accounts from which they make withdrawals, however, they can manage their tax obligations and dramatically affect their residual accumulations and withdrawal sustainability.
Light and heavy tax burdens mean different things to different investors. The definition of a "low" tax bracket is directly related to an investor's wealth. I found that for retirees with initial balances in traditional and Roth IRAs of, respectively, $1 million and $667,000, the optimal strategy is to take taxable distributions through the top Notes: For an investor with $1 million in a traditional IRA and $666,667 in a Roth IRA. The "best informed strategy" is defined as making withdrawals from the traditional IRA through the 15 percent tax bracket. Figures in brackets represent the incremental number of years over which withdrawals are fully sustained. nmf = not a meaningful figure. of the 15 percent tax bracket. Residual accumulations may be $400,000, or 40 percent, greater than the better naive strategy (Naive 1). For initial balances in traditional and Roth IRAs of, respectively, $2 million and $1.33 million, the optimal strategy was found to be making taxable withdrawals through the top of the 25 percent tax bracket.
Residual balances in this case could be $800,000 to $1.5 million for investors with high-return portfolios and aggressive withdrawal strategies. When initial traditional and Roth IRAs balances are, respectively, $3 million and $2 million, I found that the optimal strategy is to make withdrawals through the top of the 28 percent tax bracket. Incremental accumulations were found to exceed $1 million and could exceed $2.5 million for investors with high-return portfolios and aggressive withdrawal strategies.
In general, the value of an informed strategy increases as the aggressiveness of both the retiree's investment strategy and withdrawal requirements increases. As a result, retirees can significantly improve the sustainability of their retirement portfolios by embarking on an optimal withdrawal program that exploits opportunities to take traditional IRA distributions at low tax rates. 
Notes: For an investor with $2 million in a traditional IRA and $1.33 million in a Roth IRA. The "best informed strategy" is defined as making withdrawals from the traditional IRA through the 25 percent tax bracket. Figures in brackets represent the number of years over which withdrawals are fully sustained. nmf = not a meaningful figure. www.cfapubs.org
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This theme generalizes well to other tax rate structures. For example, distributions from traditional IRAs may not be subject to multiple marginal tax rates but to a single, uniform marginal tax rate because other taxable income exhausts the opportunity to use exemptions, deductions, and tax brackets with low tax rates. Nonetheless, if tax rates vary over time (because of changes in political regimes, fiscal policy, or the investor's tax status), the overriding lesson remains: Withdraw funds from traditional IRAs when funds will be taxed at low rates.
Several avenues for future research are suggested by this study. First, mandatory distribution requirements from traditional IRAs could be incorporated into the withdrawal models.
Second, this study suggests valuable withdrawal strategies to the extent that minimum distribution requirements allow. This constraint may not be binding in many circumstances because the optimal naive strategy calls for the retiree to deplete the traditional IRA before making Roth IRA withdrawals. Furthermore, the optimal informed strategy calls for significant withdrawals from the traditional IRA anyway. In either case, the retiree is making substantial traditional IRA distributions. Therefore, future research might formally incorporate the effect of traditional IRA distributions on the taxation of Social Security benefits or implement similar withdrawal models that assume a different return structure. Third, future research might integrate the impact on withdrawal location of taxable accounts outside traditional and Roth IRA plans. Finally, on a fundamental level, this study highlights the notion that investors derive option value from having more than one type of account from which to make retirement withdrawals. Therefore, a contingent-claims analysis assuming a stochastic marginal tax rate based on Monte Carlo simulations would help estimate the value to investors of having withdrawal flexibility. The insights from this analysis would then have implications for an investor's initial asset-location decision. Alternatively, one could apply a Monte Carlo analysis to different tax rate regimes by using simulated returns based on historical time series of various asset classes, based on an assumed distribution with parameters derived from historical experience, or based on a factor model.
At any rate, the results contained in this article provide valuable lessons to retirees and their advisers. In particular, withdrawal strategies should capitalize on opportunities to convert pretax funds in traditional IRAs to after-tax funds at low tax rates.
This article qualifies for 1 PD credit. 
Notes: For an investor endowed with $3 million of traditional IRA assets and $2 million of Roth IRA assets. The "best informed strategy" is defined as making withdrawals from the traditional IRA through the 28 percent tax bracket. Figures in brackets represent the number of years over which withdrawals are fully sustained. nmf = not a meaningful figure.
Appendix A. Algorithms for Withdrawal Strategies
To model the withdrawal strategies, the first step is to establish a function that defines the pretax distribution that would be required to generate a particular after-tax cash flow, X, in a progressive tax rate structure characterized by exemptions and deductions at low income levels and six tax brackets. Such a function, P, can be expressed as (A1) where A j,t is the top of the jth tax bracket in period t and T bj is the applicable tax rate for bracket j. In this formulation, A 0,t represents exemptions and deductions available in period t. So, A 1,t is the sum of A 0,t and the amount of income that could be taxed at T b1 . Note that the tax brackets in Equation A1 , A j,t , are expressed on an after-tax basis. For example, for the retiree discussed in the text with a $50,000 aftertax withdrawal requirement and with exemptions and deductions totaling $16,400, A 1 is not $31,000, or $16,400 plus $14,600. Rather, A 1 is $29,540, the aftertax income resulting from $31,000 of taxable income.
The inverse of this function, the after-tax proceeds of a pretax withdrawal, Y, can be expressed as (A2) where B j,t is the top of the jth tax bracket expressed on a pretax basis in period t. For instance, B 0 would be $16,400 and B 1 would be $31,000 in the example. Naive Withdrawal Strategies. For either IRA account type i, let the value of the account at time t be (A3) which reflects the effect of the tax-sheltered investment earnings on asset growth. Therefore, the traditional IRA distribution for the first naive strategy, in which the retiree draws from the traditional IRA until funds are depleted, can be expressed as
The first value inside the minimum operator, P(W t ), is the pretax withdrawal from the traditional IRA necessary to generate the after-tax withdrawal requirement, W t . It recognizes that portions of the pretax withdrawal are taxed at potentially six different rates. The second value inside the minimum operator, V Trad,t , is the remaining traditional IRA balance if it is insufficient to satisfy the after-tax withdrawal requirement. The Roth IRA distribution is then (A5) which implies that withdrawals from the Roth IRA should commence once the balance in the traditional IRA becomes insufficient to meet the aftertax withdrawal requirement. These withdrawals are constrained to not exceed the available Roth IRA balance. Notice that the pretax distribution function in Equation A1 is not applied to W t because withdrawals from Roth IRAs are not taxed, whereas traditional IRA distributions are considered on an after-tax basis. The residual balance in either type of IRA at withdrawal horizon n can now be expressed as the future value of the initial balance less the future value of any distributions:
The second naive withdrawal strategy directs the retiree to make withdrawals from the Roth IRA as long as funds are available, followed by withdrawals from the traditional IRA. In this case, the Roth IRA withdrawal algorithm is (A7)
The traditional IRA withdrawal is similar to Equation A4, but the desired after-tax income from the traditional IRA is not W t . It is the difference between the after-tax withdrawal requirement and the Roth IRA distribution, if positive. Substituting for W t in Equation A4 yields (A8)
Informed Withdrawal Strategies. Each of the six informed withdrawal strategies specifies withdrawals from the traditional IRA up to some exemption or tax bracket limit, B j,t , to the extent that funds are available and to the extent that the withdrawal requirement demands the withdrawals. The first informed withdrawal strategy makes traditional IRA withdrawals up to allowable exemptions and deductions, B 0,t . The second informed withdrawal strategy makes traditional IRA withdrawals up to the first tax bracket, B 1,t , and so on. The remaining withdrawal requirement, if any, would be distributed from the Roth IRA. Each of these strategies for tax bracket j can be expressed with the following algorithms, The first algorithm, Equation A9, stipulates a traditional IRA withdrawal up to the top of the jth tax bracket in period t, B j,t , subject to fund availability and the size of the withdrawal requirement. The second algorithm, Equation A10, indicates that the remaining withdrawal requirement will be distributed from the Roth IRA to the extent that funds are available. If the Roth IRA contains insufficient funds for the remainder of the withdrawal, the traditional IRA is tapped for the additional withdrawal, which is represented in the second value in the braces of Equation A9. One advantage of these strategies is that they relax, at least to some degree, the constraints imposed by traditional IRA minimum distribution requirements, which are not explicitly incorporated into the models. That is, minimum distribution requirements mandate traditional IRA withdrawals that these informed strategies call for anyway, potentially making the minimum distribution constraint nonbinding.
Notes
Therefore, the applicability of the model developed in the article is broader than the terminology I use might suggest. 7. Alternatively, an investor might have exogenous income that subjects retirement distributions to a single marginal tax rate. I investigated this setting in Horan (2005a) . 8. Inflation rate π, by which tax brackets are assumed to grow over time, is distinct from g, the nominal growth rate of the retiree's withdrawal amount. The simulations assume that π is 2.5 percent and g is 3.0 percent, so the growth rate of the retiree's withdrawal does more than preserve purchasing power; that is, withdrawals grow slightly in real terms over time. 9. Sibley (2002) and showed that the taxable equivalent of a traditional IRA equals (1 -T n ) of a Roth IRA with the same pretax balance. Others have advocated aftertax approaches (e.g., Reichenstein 1998; Reichenstein and Jennings 2003) , but the distinction is irrelevant in this case. 10. Keep in mind that growth in nominal distributions is distinct from the general rate of inflation. 11. Because a portion of Social Security benefits may, depending on the retiree's total income and marital status, be taxable, a retiree's marginal tax rate can be a bit elusive. Traditional IRA withdrawals are treated as income, so these distributions can make some Social Security benefits subject to tax, thereby increasing the effective marginal tax rate. 12. I supply details of this conversion procedure in Horan (2005b) . An alternate and more straightforward approach is to evaluate residual balances on an after-tax basis. 13. In addition to the additional standard deduction of $1,000 for a spouse that taxpayers over the age of 65 are entitled to, taxpayers may have itemized deductions that would shield additional distributions from taxation.
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